The purpose of this paper is to investigate the international information transmission of return and volatility spillovers from the US and Japan and the rest of the Asia-Pacific markets using daily stock market return data covering the last 14 years. In the majority of the markets under scrutiny, we provide evidence of direct volatility spillovers, running mainly from the Japanese and US markets and pointing to more rapid information transmission during the recent years. First, the volatility of the Asia-Pacific markets is becoming influenced more by the US market for the recent years. Secondly, for international investors to get profits from the returns of Asia-Pacific securities, it is necessary to pay attention to the US market directly. Third, Korea, Singapore and Hong Kong are among the most Asia-Pacific markets vulnerable to shocks from US investors due to the large ratio of portfolio holding.
Introduction
Nowadays, with the increasing liberalization and integration of global market activities, with the more growing integration of international financial markets, the study on the co-movement among international asset markets becomes more important. There is sufficient evidence that information is now shared more intensively across the world's major equity markets, and that markets have become increasingly integrated. The advantages of having integrated markets are well known: investors can share their consumption risk much more efficiently, which in turn decreases the costs of capital firms will face, hereby stimulating investment and economic growth. However, in the aftermath of the recent financial crises, many authors have argued that increased financial integration has intensified contagion effects across markets, causing severe welfare losses to large geographic regions. As a result, analysis of shock spillovers across countries and regions is important for many parties, including investors, risk managers, and regulatory and monetary authorities. The evidence from the crises of the 1990s suggests that crises are preceded by "excessive" capital inflows that, in turn, fuel large expansions in domestic credit and bubbles in financial markets (Sachs et al., 1996) . There is also evidence that most episodes of banking crises are preceded by financial liberalization (Kaminsky and Sergio, 2002; Demirguc-Kunt and Detragiache, 1999) . By the late 1980s, there was a revival of international lending. Capital inflows to Asia surged, with capital flows increasing tenfold from their averages in the early 1980s. This, however, changed the composition of capital flows, bank lending having been replaced by foreign direct investment (FDI) and portfolio investment. While FDI constituted the largest share of capital flow to Asia, portfolio investment (bonds and equity) also increased substantially, accounting for up to 40 % of total capital flows in the mid-1990s. In absolute terms, bond and equity flows to Asia (excluding those counted as FDI) increased to US$27 billion in 1993. As seen, booms in the 1990s were followed by capital flow reversals. The reversal occurred in the immediate aftermath of Thailand's currency crisis in December 1997, this reversal was later aggravated by the Russian default in August 1998 and the Brazilian crisis in 1998-1999. The sudden stop in capital flows to Asia was more pronounced, with total capital flows declining from an inflow of US$120 billion in 1996 to an outflow of US$50 billion in 1998. The reversal of short-term portfolio flows to Asia (bonds, equities and bank lending) was equally as severe, with flows declining from an inflow of US$52 billion in 1996 to an outflow of US$92 billion in 1998.
However, since year 2000 afterwards portfolio equity and FDI flows to the Asia have been on an uptick, but not necessarily to the same destination countries since the crisis. It is apparent that after reaching the lows in 1998, net portfolio equity flows bounced back in 2004, their highest levels since 1991. Although the international capital inflows to Asia are on the rise, there has been a fundamental shift in the nature of the region's engagement with the rest of the world. The Asian countries have consequently become a net exporter of capital to the rest of the world while still depending very heavily on gross financing from the rest of the world. Asian investors have systematically been transferring some balance sheet risks to the rest of the world by accumulating collateral in the form of relatively risk free assets in the US, as well as comparable Japanese assets.
Motivated by the large movements of capital flow to and out Asia-Pacific markets, our objectives are to analyze the fundamental forces driving volatility in Asia-Pacific stock markets. More specifically, we will focus on how and to what extent volatility in the individual Asia-Pacific equity markets is driven by shocks occurring in the US and Japan equity markets. This is not the first paper investigating volatility spillovers between equity markets. Ng (2000) , suggest a greater influence from the US, whereas Miyakoshi (2003) study suggests a greater influence from the Japan on the Asia-Pacific markets. This contradictory of results is may be due the methodology used. However, all the previous studies were performed within one sample and without taking into consideration shifts of portfolio position in Asia-Pacific countries caused by the financial crisis period, which will allow for a richer structure of the data. This paper, extend the methodology by taking into consideration of the crisis period, which allows examining the joint correlation and volatility dynamics shift between a high and a low state because of significant changes in the economics and financial environment. For example, a priori one would expect low volatility transformation from Japan or US to Asia-Pacific country if there is low capital inflow. This paper considers a volatility spillover model by applying a bivariate BEKK-GARCH model of Engle and Kroner (1995) , for which a BEKK representation is adopted, for each of the AsiaPacific countries against the Japan and US using daily returns for the last-14 years. This BEKK formulation enables us to reveal the existence of any transmission of volatility from one market to another, as well as any increased persistence in market volatility (Engle et al., 1990 ). Splitting our sample into two non-overlapping sub-samples, we investigate whether the efforts for more economic, monetary and financial integration have fundamentally altered the sources and intensity of volatility spillovers to the individual stock market. The paper is organized as follows.
Section 2 presents a bivariate BEKK-GARCH model between Japan and the US against each of the Asia-Pacific markets, while section 3 describes the data set and some financial stylised facts. Section 4 discusses the estimation results for individual markets and cross market analysis.
Finally, section 5 draws the conclusion.
Methodology
The analysis is based on a bivariate VAR(1)-GARCH(1,1) model. Let R= (R As,t , R jp(us) ,t )′ be the return vector. The conditional mean of the process is modelled as follows: 
and , ( 
In the VAR(1) model above, , 1 represents the covariance between an Asia-Pacific country and Japan or US.
For the purposes of measuring of the Japanese and US market volatility on Asia-Pacific markets, the BEKK (Baba, Engle, Kraft and Kroner) model is employed, whereby the variance-covariance matrix of equations depends on the squares and cross products of ε t and volatility H t for each market lagged one period. One important feature of this specification is that it builds in sufficient generality, allowing the conditional variances and covariances of the stock markets to influence each other, and, at the same time, does not require the estimation of a large number of parameters (Karolyi, 1995) . The model also ensures the condition of a positive semi-definite (PSD)
conditional variance-covariance matrix in the optimisation process, and is a necessary condition for the estimated variances to be zero or positive. The BEKK representation, introduced by Engle and Kroner (1995) is written as:
where C 0 , Α i and B i are k × k parameter matrices with C 0 is a lower triangular matrix. Consider a bivariate GARCH (1,1) model as follows: 
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where c ij are elements of an n × n symmetric matrix of constants C, the elements α ij of the symmetric n × n matrix A measure the degree of market shocks from market i to market j, and the elements β ij of the symmetric n × n matrix B indicate the persistence in conditional volatility between market i and market j. For instant, , ( ) As jp us β represents the volatility spillover from Japan or US to an Asia-Pacific market. The model ensures that the conditional variancecovariance matrices, H t are positive definite under weak assumption, that H t is positive definite if at least one of C or B is of full rank. Engle and Kroner (1995) proved that the BEKK model is second-order stationary if and only if all the eigenvalues of (A⊗A + B⊗B) are less than unity in modulus. To elaborate further, the conditional variance for each equation can be expanded for the bivariate GARCH (1,1) as follows: 
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To gain the statistical efficiency and better description on financial time series we account for the fat tails properties by adopting the leptokurtic multivariate distribution, such as multivariate Student-t density, the bivariate BEKK model is estimated by maximizing the following log-likelihood function:
where υ denotes the degrees of freedom of the t-distribution and Γ is the gamma function. This log-likelihood function is maximized using the Berndt et al. (1974) , which is also known as the BHHH algorithm.
Data and Hypotheses Testing
The stock markets investigated in this study are the US, Japan and the Asia-Pacific stock markets. US markets but these high returns are also characterized by higher volatility, which is common for emerging markets and is consistent with previous studies (Ng, 2000) .
(Insert Table 1 here)
Moreover, we check the statistical features of the data reported in Table 1 , the skewness, kurtosis, and their tests. The Ljung-Box Q-statistics Q(10) and Q 2 (10) are reported under the null hypothesis of non-serial correlation tests in daily return and squared returns, respectively. At significance levels of 5%, the null hypotheses (skewness=0 or excess kurtosis=0) and of nonserial correlation are rejected, respectively. These time series have the typical features of stock returns as fat tail, spiked peak, and persistence in variance. Therefore, the ARCH models including such features are appropriate for analyzing these series. Furthermore, these descriptive statistics show that the nature of the data varies significantly between the two sub-samples, justifying our modelling strategy.
Empirical Results
Tables 2 and 3 report the estimation results of the US and Japanese spillover effects, for the both periods. The estimated coefficients shows that for both periods and in all case, | R As jp | < | R As us | With all significant R us and all non-significant R jp except for Taiwan during post-crisis, indicating that the Asia-Pacific markets return are influenced only by the world factor of the US market.
This suggests that the US mean returns, on average, improved market sentiments in the AsiaPacific leading to upward adjustments of earnings forecasts for the markets since the Asia-Pacific return increase when the US return increases. In the other hand, the Japanese mean return spillover effects as reported in Table 2 in terms of volatility spillover could be due the sample span and, not taking into consideration the crisis effect, which has caused portfolio investment to change it portion of Japanese and US investors holding Asia-Pacific securities.
(Insert Table 2 here)
Starting with Korea, Singapore and Hong Kong, we find that volatility in these countries is significantly affected by the US and Japanese volatility (β As us , β As jp ) during the post-crisis periods under examination . In this sense, more intense volatility spillovers are expected during the post-1997 period and milder ones during the pre-1997 one, mainly due to the persistence of the US volatility. However, US influences are stronger than the Japanese influences. Hong Kong market is not affected by the US market volatility during the pre-crises, while there is volatility transformation from the US market to Hong Kong market for the pre-crises. This is surprising, one would expect the Hong Kong and US economies to be closely linked. The Taiwan's market is not influenced by US nor Japan during the pre-crisis, this finding suggests that volatility in Taiwan may be driven heavily by local shocks or other shocks unrelated to the US and Japan markets, such as political risk and shocks from china. In the case of Malaysia, there is significant volatility spillovers from the Japanese markets transmitted through the volatility coefficient.
During the pre-crisis the effects of Japan markets on the Malaysian volatility is shown to be more intense with a significant coefficient from Japan -0.0127 (p = 0.0000) than the volatility during post-crisis US -0.0488(p = 0.0382). Thailand, the volatility is transmitted through the Japanese volatility for the first period, while through the US market volatility for the second period. No volatility is transmitted to Indonesia market from both US and Japan; however it is transmitted through both the Japanese and US markets volatility during the second sub-sample. However, our estimates for the pre-crisis period support the increased integration of Japanese markets with the Asia-Pacific markets, due a strong economic relationship through a large amount of portfolio investment between Japan and Asia-Pacific countries. However, the integration of Japanese markets with the Asia-Pacific market had been reduced in the recent years due to the increase of capital flow from US to Asia-Pacific countries as well as capital outflow from Asia-Pacific countries and Japan to US market, searching for more stable economic.
Though the Asia-Pacific market volatility is influenced in general by the US market for the more recent period and the Japanese Volatility in the past, their own effects of the previous day on the present day remain larger than the US and Japan volatility. Table 3 here)
(Insert
Finally, the Ljung-Box Q statistics in Table 4 show no evidence of autocorrelation in the standardised residuals (all of the p-values are greater than .05) Given that conditional expected return equations provide an adequate description of the data, we can conclude that the conditional mean return equations are correctly specified.
(Insert Table 4 here)
The paper gives an economic justification about the results on volatility between US, Japan and Asia-Pacific countries. As seen in Table 5 , 6 and Figure 1 that, it only focuses on equity securities, since this data will directly affect the stock market returns and volatility. Figure 1 shows how much the Japanese and US investors came to hold the Asia-Pacific securities during the periods of examination. A noticeable increase of the portfolio invested in Asia-Pacific countries by US investors during and after the Asian financial crisis.
(Insert Figure 1 here)
The ratios A/AJP (A/AUS) and A/AS in Panel A of Table 5 and 6, denote the ratio of each AsiaPacific stock (A) held by Japanese or US investors to the average market capitalization of (AJP) the Japanese stock market, the average market capitalization of (AUS) the US market and the average market capitalization of (AS) of each Asia-Pacific country's stock market, respectively.
Panel A shows the behaviour of Japanese and US investor as well as the shifts in portfolio investment holdings. Table 5 Panel A, indicates that the Japanese investor has decreased their portfolio holdings of Asia-Pacific securities during the post-crisis compared to pre-crisis periods.
On the contrary, US investor has increased their holding of Asia-Pacific securities during the more recent period. This clearly explains the volatility spillover from US to Asia-Pacific markets during the more recent years (as shown by β As us ). US investors hold 18.77%, 13.97%, and 5.39%
of the total market capitalization of Korea, Singapore and Hong Kong stock market respectively.
Similarly, the B/AS in Panel B of Table 6 indicates that US stocks (B) held by each Asia-Pacific investor display 38.89%, 2.91% of total market capitalization (AS) of Singapore and Hong Kong.
These large ratios suggest that the Korea, Singapore and Hong Kong markets will be rocked by such crisis happing in US markets through the US investors holding the Asia-Pacific stocks.
These countries become a symbol of expanding business overseas for both US and Japanese investors. Finally, the result for Malaysia provides an exception worthy of note, that it has the least of the US and Japanese investors holding. This is easily explained the Malaysian capital control.
(Insert Table 5 here) (Insert Table 6 here)
Concluding remarks
This paper investigates the dynamic interaction and changing nature of the return and volatility spillovers from Japan and the US to the Asia-Pacific markets. Price and volatility spillovers are examined in the context of a multivariate Generalized Autoregressive Conditional Heteroskedastic (GARCH), by adopting a bivariate BEKK representation and splitting our sample into sub-periods. Unlike previous related studies, this paper fully takes into account the crisis period and portfolio investment position.
The major empirical findings are fourfold. First, only the influence of the US market is important on the Asia-Pacific markets mean returns; there is no influence from Japan market for both periods on the Asia-Pacific markets (except for Taiwan for the post-crisis period). Secondly, Korea, Singapore and Hong Kong are more prone to changes in US economy as US investors hold 18.77%, 13.97% and 5.39% of Asia-Pacific total market capitalisation, respectively. In addition, Singapore and Hong Kong holds 38.89% and 2.91% respectively of US assets to the total of their market capitalisation. Such large ratios will increase their risk exposure to US financial markets. Thirdly, significant volatility spillovers from the Japanese and US markets to Asia-Pacific markets. Asia-Pacific markets volatility is influenced more by the Japanese market than by the US market for the pre-crisis period. However, this is not true for the more recent period, as capital flows from US to Asia-Pacific markets has made the US the main source of international volatility to the region. Nonetheless, it is informative to note that the flows into US market have surged following the Asian crisis as regional central banks and investors have rapidly built up their reserves. The increased demand for US corporate bonds from Asia-Pacific and elsewhere has been pushed by the relative scarcity of high-grade debt issuances, while also being pulled specifically into the US due to the deep and highly liquid nature of US capital markets. In other words, the US in the main but also Japan has served as international financial intermediaries to Asia.
A pre-and-post crisis analysis reveals that the Asia-Pacific markets have become more sensitive to volatilities originating from US and Japan. In contrast to Ng (2000) and Miyakoshi (2003) studies which represents the primary previous research in this field, the results of this study suggest a greater influence from the Japan on Asia-Pacific volatility than from the US for the precrisis period and find an increase influence from US to Asia-Pacific for the more recent years, as capital inflow from US to Asia-Pacific increase. The differences between our results and the previous studies stem from a strong economic relationship between US and Asia-Pacific countries through the large amount of portfolio investment during the year 2000 and afterwards. The previous studies did not take into account the crisis period neither showed shifts of portfolio investments. Thus, our paper purely examines the volatility spillover effects of the Japanese and US market within two sub-periods.
Our finding suggests that for international investors to get profits from the returns of Asia-Pacific securities, it is necessary to pay attention to the US market directly. However, Asia-Pacific volatility is influenced as well by Japanese market volatility. Implementing global hedging strategies and asset allocation decisions on Asia-Pacific markets requires the information concerning the Japanese volatility behaviour. 
